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(57) Abstract 

The present invention provides radially-expandable stents that, in various embodiments, may reduce the bending stresses/strains 
associated with the compressed state of self-expanding stents and/or may prevent longitudinal expansion/contraction of radially expandable 
stents between the compressed and expanded states. In addition, stents according to the present invention preferably exhibit increased 
longitudinal flexibility in both the compressed and expanded states. Furthermore, stents that include circumferential support sections with 
varying longitudinal lengths and/or varying unrestrained expanded diameters are also disclosed. Also disclosed are stents that provide 
controllable expansive force profiles. The present Invention also includes delivery systems in which threading of the guidewire through 
the delivery system may be simplified. In addition, the delivery systems according to the present invention may also incorporate a balloon 
to assist in radially expanding die stent and/or seating of the stent in the lumen during deployment without removing the stent delivery 
catheter. Further, the delivery systems may also include a support tube at the proximal end to assist in fixing the position of the stent 
relative to a guide catheter during deployment of the stent 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


Prance 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TC 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BP 


Burkina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CII 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


a 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Luda 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 








WO 99/39661 PCT/US99/02453 

RADIALLY-EXPANDABLE STENT AND DELIVERY SYSTEM 

Field of the Invention 
The present invention relates to intravascular stent implants for 
5 maintaining vascular patency in humans and animals. More particularly, the 
present invention provides radially-expandable stents, delivery systems for 
deploying the stents within body lumens, and methods of deploying the stents. 

Background of the Invention 

10 Percutaneous transluminal coronary angioplasty (PTCA) is used to 

increase the lumen diameter of a coronary artery partially or totally obstructed by 
a build-up of cholesterol fats or atherosclerotic plaque. Typically a first 
guidewire of about .038 inches in diameter is steered through the vascular system 
to the site of therapy. A guiding catheter, for example, can then be advanced 

15 over the first guidewire to a point just proximal of the stenosis. The first 
guidewire is then removed. A balloon catheter on a smaller .014 inch diameter 
second guidewire is advanced within the guiding catheter to a point just proximal 
of the stenosis. The second guidewire is advanced into the stenosis, followed by 
the balloon on the distal end of the catheter. The balloon is inflated causing the 

20 site of the stenosis to widen. 

The dilatation of the occlusion, however, can form flaps, fissures and 
dissections which threaten reclosure of the dilated vessel or even perforations in 
the vessel wall. Implantation of a stent can provide support for such flaps and 
dissections and thereby prevent reclosure of the vessel or provide a patch repair 

25 for a perforated vessel wall until corrective surgery can be performed. It has also 
been shown that the use of intravascular stents can measurably decrease the 
incidence of restenosis after angioplasty thereby reducing the likelihood that a 
secondary angioplasty procedure or a surgical bypass operation will be 
necessary. 

30 An implanted prosthesis such as a stent can preclude additional 

procedures and maintain vascular patency by mechanically supporting dilated 
vessels to prevent vessel reclosure. Stents can also be used to repair aneurysms, 
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to support artificial vessels as liners of vessels or to repair dissections. Stents are 
suited to the treatment of any body lumen, including the vas deferens, ducts of 
the gallbladder, prostate gland, trachea, bronchus and liver. The body lumens 
range in diameter from small coronary vessels of 3 mm or less to 28 mm in the 
5 aortic vessel. The invention applies to acute and chronic closure or reclosure of 
body lumens. 

A typical stent is a cylindrically shaped wire formed device intended to 
- act as a permanent prosthesis. A typical stent ranges from 5 mm to 50 mm in 
length. A stent is deployed in a body lumen from a radially compressed 

10 configuration into a radially expanded configuration which allows it to contact 
and support a body lumen. The stent can be made to be radially self-expanding 
or expandable by the use of an expansion device. The self expanding stent is 
made from a resilient springy material while the device expandable stent is made 
from a material which is plastically deformable. A plastically deformable stent 

15 can be implanted during a single angioplasty procedure by using a balloon 
catheter bearing a stent which has been crimped onto the balloon. The stent 
expands radially as the balloon is inflated, forcing the stent into contact with the 
interior of the body lumen thereby forming a supporting relationship with the 
vessel walls. 

20 Conventional angioplasty balloons fall into high, medium and low 

pressure ranges. Low pressure balloons are those which fall into rated burst 
pressures below 6 atmospheres. Medium pressure balloons are those which fall 
into rated burst pressures between 6 and 12 atmospheres. High pressure balloons 
are those which fall into rated burst pressures above 12 atmospheres. Burst 

25 pressure is determined by material selection, wall thickness and tensile strength. 

The biocompatible metal stent props open blocked coronary arteries, 
keeping them from reclosing after balloon angioplasty. A balloon of appropriate 
size and pressure is first used to open the lesion. The process is repeated with a 
stent crimped on a second balloon. The second balloon may be a high pressure 

30 type of balloon, e.g., more than 12 atmospheres, to insure that the stent is fully 
deployed upon inflation. The stent is deployed when the balloon is inflated. The 
stent remains as a permanent scaffold after the balloon is withdrawn. A high 
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pressure balloon is preferable for stent deployment because the stent must be 
forced against the artery's interior wall so that it will fully expand thereby 
precluding the ends of the stent from hanging down into the channel encouraging 
the formation of thrombus, 

5 Various shapes of stents are known in the art. U.S. Patent No. 4,649,922 

(Wiktor) discloses a linearly expandable spring-like stent. U.S. Patent No. 
4,886,062 (Wiktor) discloses a two-dimensional zigzag form, typically a 
sinusoidal form. U.S. Patent No. 4,969,458 (Wiktor) discloses a stent wire 
coiled into a limited number of turns wound in one direction, then reversed and 

10 wound in the opposite direction with the same number of turns, then reversed 
again and so on until a desired length is obtained. 

Stents have limited ability to provide effective patching of perforated 
vessels due to the spacing between metal elements. U.S. Patent No. 4,878,906 
(Lindeman et al.) describes an endoprosthesis made of a thin wall molded plastic 

15 sleeve intended to be collapsed radially and delivered to a damaged area of a 
vessel where it is expanded to provide a sealed interface to the vessel on its outer 
peripheral ends. The endoprosthesis therefore provides a patch which prevents 
leakage of blood from a vessel wall. The endoprosthesis disclosed employs 
various molded-in ribs, struts and the like to adapt the device for particular 

20 applications and to provide the desired degree of stiffness to form the sealed 
interface with the vessel wall. Such a stiff prosthesis, however, could not be 
expected to have the longitudinal flexibility needed to adapt to curved vessels. 

One problem with self-expanding stents is that the stents must be 
compressed into a small diameter for delivery to the site or portion of the body 

25 lumen at which support is desired. It is preferable that the stents be compressed 
into as small of a diameter as possible (typically referred to as "profile") to assist in 
delivering the stent to the desired site. That compression can, in some cases cause 
localized areas of high bending stress/strain within the stent 

As a result of the high bending stresses/strain, the minimum profile for the 

30 self-expanding stents can be limited to prevent non-recoverable strain levels in the 
stent and, therefore, ensure full radial expansion of the stent when released from 
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the delivery system. The larger profile can limit the delivery and use of the stent to 
larger diameter lumens. 

Alternatively, if a small delivery profile is desired, then the stent may be 
designed to achieve that profile which can often result in a larger window area and 

5 a reduction in the outward forces generated by the stent after expansion within the 
lumen. The larger window area and, therefore, inferior body lumen scaffolding 
reduces the effectiveness against recurring restenosis. The reduced outward forces 
. , may be problematic if the stent does not firmly engage the wall of the lumen. 

One attempt at addressing the high bending stresses/strains in a self- 

1 0 expanding stent is described in U.S. Patent No. 4,830,003 (Wolff et al.) in which 
the stent is made of a series of generally straight wire segments welded together at 
their ends to form a zigzag shaped stent when expanded. By using generally 
straight wires, the bending stresses/strains associated with bends in an integral 
wire-formed stent body can be avoided. Disadvantages associated with this 

1 5 approach include, however, the cost of manufacturing the stents by welding. The 
welds also lower the allowable stress levels in the stent, thereby limiting its fatigue 
life and compression for delivery. Another disadvantage is that the length of the 
stent can change significantly from the compressed state to the expanded state, 
thereby making accurate placement of the stent at the desired location within a 

20 body lumen more difficult 

Another attempt at addressing the high bending stresses/strains includes 
manufacturing self-expanding stents from materials other than metals as described 
in, e.g., U.S. Patent No. 5,356,423 (Tihon et al.). The stents disclosed therein are 
formed of thermoplastic materials and can be molded or otherwise formed into a 

25 fenestrated pattern similar to those produced by braided wire stents. By shaping 
the openings as depicted in Figure 5 of the patent, the stress concentration at the 
bending points can be reduced Disadvantages of this approach include, however, 
degradation associated with implanted plastic materials, including changes in the 
elasticity of the plastics which can result in a reduction in the radially outward 

30 forces generated by the stent 

Another problem associated with self-expanding stents is that, particularly 
in connection with long lesions (e.g., those with a length of about 30 mm or more), 

4 
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differences in vessel diameter between the proximal and distal ends of the lesion 
and/or stent may be greater than the desired operating range of a self-expanding 
stent. Furthermore, the increase in over-sizing from the proximal to the distal end 
of the stent may result in non-uniform pressure at the vessel wall along the length 

5 of the stent That non-uniformity may cause insufficient or excessive pressure at 
one end of the stent after expansion. 

Yet another problem with self-expanding stents is the need for stents that 
can provided varying outward force or pressure along their lengths. Attempts to 
provide stents with varying outward pressure profiles are typically limited to 

10 helically wound stents in which the coil density and/or helix angle are changed to 
affect the pressure generated by the stents after expansion. See, e.g., U.S. Patent 
Nos. 5,246,445 (Yachia et al.) and 5,507,767 (Maeda et al.). These approaches are 
generally limited to gradual pressure changes and may be difficult to construct. In 
addition, changing the pitch of the helically wound stents can increase the size of 

15 the openings between adjacent windings, thereby reducing support of the vessel 
wall. 

Another approach to providing a stent with a varying pressure profile is 
described in U.S. Patent No. 5,601,593 (Freitag) in which rows of Nitinol wires 
with different shape memories that allow for selective expansion of the different 
20 structures formed by the different wires. One problem with this approach is that 
the pressure generated between the activated wires can be significantly reduced, 
thereby reducing uniformity in the outward force along the entire length of the 
stent. 

25 SUMMARY OF THE INVENTION 

It is an object of the invention to provide a radially-expanding stent for 
implantation within a body lumen that provides for reductions in the bending 
stresses/strains associated with compression of the stent for delivery to the desired 
location within a body lumen. 
30 It is another object of the present invention to provide a radially-expanding 

stent in which the longitudinal length of the stent remains unchanged from the 
compressed state to the expanded state. 
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It is a further object of the invention to provide a stent with improved 
longitudinal flexibility to allow for threading through tortuous lumens and lesions, 
as well as to permit implantation in highly curved lumens. 

It is another object of the invention to provide a radially-expanding stent 
5 that provides for controllable expansive force profile along the length of the stent 
It is another object of the invention to provide a radially-expanding stent 
with and unrestrained expanded diameter that varies along the length of the stent. 
. _ It is an object of some delivery systems according to the present invention 

to provide a delivery system in which the position of the stent can be fixed relative 
10 to a guide catheter. 

It is another object of some delivery systems according to the present 
invention to provide a balloon integral with the stent delivery device to allow for 
post-deployment dilatation of the stent without removing the stent delivery 
catheter. 

15 It is another object of some delivery systems of the present invention to 

provide for simplified threading of a guidewire through a distal portion of a rapid- 
exchange delivery system. 

In one aspect, the present invention provides radially expandable stent for 
implantation within a body lumen including an elongated generally tubular body 

20 defining a passageway having a longitudinal axis; the body including a plurality 
of circumferential support sections arranged successively along the longitudinal 
axis, each of the support sections having a length along the longitudinal axis; 
each of the circumferential support sections including a plurality of primary 
bends interconnected by struts, the primary bends being located on alternating 

25 ends of the support section around the circumference of the body, each of the 
struts connecting successive primary bends on opposite ends of the support 
section and having a midpoint generally located therebetween; and at least one 
longitudinal member connecting adjacent support sections in the body, the 
longitudinal member having a first end attached proximate the midpoint of one 

30 of the struts and a second end attached proximate the midpoint of one of the 
struts in the adjacent support section; 
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wherein the stent is radially compressible into a compressed state in which the 
struts are generally aligned with the longitudinal axis and radially expandable 
into an expanded state in which the struts and the primary bends in each of the 
support sections are arranged in a zigzag pattern, and further wherein the 
5 longitudinal length of the stent in the compressed state is substantially the same 
as the longitudinal length of the stent in the expanded state. 

In another aspect the present invention provides a radially expandable stent 
. _ for implantation within a body lumen including an elongated generally tubular 
body defining a passageway having a longitudinal axis, the body including at 

1 0 least one circumferential support section having a length along the longitudinal 
axis; each of the circumferential support sections including a plurality of primary 
bends interconnected by struts, the primary bends being located on alternating 
ends of the support section around the circumference of the body, each of the 
struts connecting successive primary bends on opposite ends of the support 

1 5 section and having a midpoint generally located therebetween; wherein the stent 
is radially compressible into a compressed state and radially expandable into an 
expanded state in which the struts and primary bends in each of the support 
sections are arranged in a zigzag pattern, and further wherein each pair of 
adjacent struts associated with each of the primary bends abut at a point between 

20 the primary bend and the midpoint of each strut in the pair of adjacent struts 
when the stent is in the compressed state, whereby the bending stress is reduced 
at each primary bend of the plurality of primary bends. 

In another aspect, the present invention provides a radially expandable 
stent for implantation within a body lumen including an elongated generally 

25 tubular body defining a passageway having a longitudinal axis, the body 

including at least one circumferential support section having a length along the 
longitudinal axis; each of the circumferential support sections including a 
substantially continuous element including a plurality of primary bends 
interconnected by struts, the primary bends being located on alternating ends of 

30 the support section around the circumference of the body, each of the struts 

connecting successive primary bends on opposite ends of the support section and 
having a midpoint generally located therebetween, wherein the stent is radially 

7 
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compressible into a compressed state and radially expandable into an expanded 
state in which the struts and primary bends in each of the support sections are 
arranged in a zigzag pattern; and means for reducing bending stress at the 
primary bends when the stent is in the compressed state. 
5 In another aspect, the present invention provides a delivery system for 

implantation of a radially-expandable stent within a body lumen including an 
inner tube having a proximal end and a distal end, the inner tube having an inner 
tube lumen formed therein, the inner tube lumen having an opening at the distal 
end of the inner tube; a cover sheath having a proximal end and a distal end, the 

1 0 cover sheath comprising a wall defining a cover sheath lumen, the inner tube 
located within the cover sheath lumen; a stent positioned about the inner tube at 
the distal end of the cover sheath; a first guidewire opening in the inner tube 
lumen, the first guidewire opening spaced from the distal end of the inner tube; a 
second guidewire opening in the wall of the cover sheath, the second guidewire 

1 5 opening located proximate the first guidewire opening; and a guide element 
having a distal end located within the inner tube lumen, the guide element 
extending between the first and second guidewire openings. 

In another aspect, the present invention provides a radially expandable 
stent for implantation within a body lumen including an elongated generally 

20 tubular body defining a passageway having a longitudinal axis. The body 
includes a plurality of circumferential support sections arranged successively 
along the longitudinal axis, each of the support sections having a longitudinal 
length along the longitudinal axis. Each of the circumferential support sections 
includes a plurality of primary bends interconnected by struts, the primary bends 

25 being located on alternating ends of the support section around the circumference 
of the body, each of the struts connecting successive primary bends on opposite 
ends of the support section. The stent further includes at least one longitudinal 
member connecting adjacent support sections in the body. Each of the 
circumferential support sections is radially compressible into a compressed 

30 diameter and radially expandable into an unrestrained expanded diameter in 
which the struts and the primary bends in each of the support sections are 

8 
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arranged in a zigzag pattern. In addition, the longitudinal lengths of at least two 
of the circumferential support sections are different. 

In another aspect the present invention provides a radially expandable stent 
for implantation within a body lumen including an elongated generally tubular 
5 body defining a passageway having a longitudinal axis. The body includes a 
plurality of circumferential support sections arranged successively along the 
longitudinal axis, each of the support sections having a longitudinal length along 

. _ the longitudinal axis. Each of the circumferential support sections includes a 
plurality of primary bends interconnected by struts, the primary bends being 

1 0 located on alternating ends of the support section around the circumference of 
the body, each of the struts connecting successive primary bends on opposite 
ends of the support section. The stent further includes at least one longitudinal 
member connecting adjacent support sections in the body. Each of the 
circumferential support sections is radially compressible into a compressed 

1 5 diameter and radially expandable into an unrestrained expanded diameter in 
which the struts and the primary bends in each of the support sections are 
arranged in a zigzag pattern, and further wherein the unrestrained expanded 
diameters of at least two of the support sections vary. 

In another aspect, the present invention provides a radially expandable 

20 stent for implantation within a body lumen including an elongated generally 
tubular body defining a passageway having a longitudinal axis. The body 
includes a plurality of circumferential support sections arranged successively 
along the longitudinal axis, each of the support sections having a longitudinal 
length along the longitudinal axis. Each of the circumferential support sections 

25 includes a plurality of primary bends interconnected by struts, the primary bends 
being located on alternating ends of the support section around the circumference 
of the body, each of the struts connecting successive primary bends on opposite 
ends of the support section. The stent further includes at least one longitudinal 
member connecting adjacent support sections in the body. Each of the 

30 circumferential support sections is radially compressible into a compressed 
diameter and radially expandable into an unrestrained expanded diameter in 
which the struts and the primary bends in each of the support sections are 

9 
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arranged in a zigzag pattern. In addition, the circumferential widths of the struts 
in at least two of the circumferential support sections are different. 

In another aspect, the present invention provides a method of deploying a 
stent within a body lumen by providing a radially expandable stent including an 
5 elongated generally tubular body defining a passageway having a longitudinal 
axis. The body includes a plurality of circumferential support sections arranged 
successively along the longitudinal axis, each of the support sections having a 
- _ longitudinal length along the longitudinal axis. Each of the circumferential 
support sections includes a plurality of primary bends interconnected by struts, 

1 0 the primary bends being located on alternating ends of the support section around 
the circumference of the body, each of the struts connecting successive primary 
bends on opposite ends of the support section. The stent further includes at least 
one longitudinal member connecting adjacent support sections in the body. Each 
of the circumferential support sections is radially compressible into the 

1 5 compressed diameter and radially expandable into an unrestrained expanded 
diameter in which the struts and the primary bends in each of the support 
sections are arranged in a zigzag pattern. In addition, the longitudinal lengths of 
at least two of the circumferential support sections are different The method 
further includes advancing the distal end of the delivery device and the stent 

20 through a body lumen and deploying the stent at a desired location within the 
body lumen. 

In another aspect, the present invention provides a method of deploying a 
stent within a body lumen by providing a radially expandable stent including an 
elongated generally tubular body defining a passageway having a longitudinal 

25 axis. The body includes a plurality of circumferential support sections arranged 
successively along the longitudinal axis, each of the support sections having a 
longitudinal length along the longitudinal axis. Each of the circumferential 
support sections includes a plurality of primary bends interconnected by struts, 
the primary bends being located on alternating ends of the support section around 

30 the circumference of the body, each of the struts connecting successive primary 
bends on opposite ends of the support section. The stent further includes at least 
one longitudinal member connecting adjacent support sections in the body. Each 

10 
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of the circumferential support sections is radially compressible into the 
compressed diameter and radially expandable into an unrestrained expanded 
diameter in which the struts and the primary bends in each of the support 
sections are arranged in a zigzag pattern, and further wherein the unrestrained 
5 expanded diameters of at least two of the support sections vary. The method 
further includes advancing the distal end of the delivery device and the stent 
through a body lumen and deploying the stent at a desired location within the 
. body lumen. 

In another aspect, the present invention provides a method of deploying a 

1 0 stent within a body lumen by providing a radially expandable stent including an 
elongated generally tubular body defining a passageway having a longitudinal 
axis. The body includes a plurality of circumferential support sections arranged 
successively along the longitudinal axis, each of the support sections having a 
longitudinal length along the longitudinal axis. Each of the circumferential 

1 5 support sections includes a plurality of primary bends interconnected by struts, 
the primary bends being located on alternating ends of the support section around 
the circumference of the body, each of the struts connecting successive primary 
bends on opposite ends of the support section. The stent further includes at least 
one longitudinal member connecting adjacent support sections in the body. Each 

20 of the circumferential support sections is radially compressible into the 

compressed diameter and radially expandable into an unrestrained expanded 
diameter in which the struts and the primary bends in each of the support 
sections are arranged in a zigzag pattern. In addition, the circumferential widths 
of the struts in at least two of the circumferential support sections are different. 

25 The method further includes advancing the distal end of the delivery device and 
the stent through a body lumen and deploying the stent at a desired location 
within the body lumen. 

In another aspect, the present invention provides a method of deploying a 
stent within a body lumen by providing a radially expandable stent on a delivery 

30 system including an inner tube having a proximal end and a distal end, the inner 
tube having an inner tube lumen formed therein, the inner tube lumen having an 
opening at the distal end of the inner tube and a first guidewire opening in the 

11 
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inner tube lumen, the first guidewire opening spaced from the distal end of the 
inner tube; a stent positioned on the exterior surface of the inner tube at the distal 
end of the inner tube; a cover sheath having a proximal end and a distal end, the 
cover sheath comprising a wall defining a cover sheath lumen, the inner tube and 
5 stent located within the cover sheath lumen, the cover sheath further including a 
second guidewire opening in the wall of the cover sheath, the second guidewire 
opening located proximate the first guidewire opening in the inner tube; and a 

. _ guide element having a distal end located within the inner tube lumen, the guide 
element extending between the first and second guidewire openings, wherein the 

10 guide element comprises a guide lumen formed in the distal end of the guide 
element; positioning a guidewire within a body lumen, wherein a proximal end 
of the guidewire extends out of the body lumen; inserting the proximal end of the 
guidewire into the inner tube lumen at the distal end of the inner tube; advancing 
the proximal end of the guidewire through the inner tube lumen towards the first 

1 5 guidewire opening and the distal end of the guide element, wherein at least a 

portion of the proximal end of the guidewire is advanced into the guide lumen in 
the distal end of the guide element; advancing the proximal end of the guidewire 
through the first and second guidewire openings; advancing the distal end of the 
inner tube and the stent over the guidewire towards the distal end of the 

20 guidewire, wherein the stent is positioned at a desired location within the body 
lumen; and deploying the stent at the desired location within the body lumen. 

In another aspect, the present invention provides a method of deploying a 
stent within a body lumen by providing a radially expandable stent on a delivery 
system including an inner tube having a proximal end and a distal end, the inner 

25 tube having an inner tube lumen formed therein; a stent positioned on the 
exterior surface of the inner tube at the distal end of the inner tube; an 
expandable balloon located on the inner tube; an inflation lumen in fluid 
communication with the balloon, the inflation lumen extending from the 
proximal end of the delivery system to the balloon; and a cover sheath having a 

30 proximal end and a distal end, the cover sheath comprising a wall defining a 
cover sheath lumen, the inner tube, stent, and balloon located within the cover 
sheath lumen; positioning the inner tube, stent, balloon and cover sheath within a 

12 
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body lumen; moving the cover sheath proximally relative to the distal end of the 
inner tube to deploy the stent with the body lumen; and inflating the balloon 
within the stent 

In another aspect, the present invention provides a method of deploying a 
5 stent within a body lumen by providing a radially expandable stent on a delivery 
system including an inner tube having a proximal end and a distal end; a stent 
positioned on the exterior surface of the inner tube at the distal end of the inner 
- - tube; a cover sheath having a proximal end and a distal end, the cover sheath 

including a cover sheath lumen, the inner tube and stent located within the cover 
1 0 sheath lumen; and a support tube having a proximal end and a distal end, the 
support tube including a support tube lumen containing at least a portion of the 
proximal end of the cover sheath, the cover sheath being movable in the 
proximal and distal directions within the support tube lumen and the position of 
the inner tube being fixed relative to the position of the support tube; positioning 
15 a guide catheter within a body lumen; advancing the distal ends of the inner tube 
and the cover sheath through the guide catheter; fixing the position of the support 
tube relative to the guide catheter, wherein the positions of the distal end of the 
inner tube and the stent within the body lumen are also fixed relative to the guide 
catheter; and moving the cover sheath proximally to release the stent on the 
20 distal end of the inner tube, thereby deploying the stent within the body lumen. 
These and other features and advantages of the present invention are 
described below in connection the description of the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 FIG. 1 is a perspective view of one radially expanded stent according to the 

present invention. 

FIG. 2 is a plan view of the stent of Figure 1 in which the body of the stent 
is unrolled. 

FIG. 3 is an enlarged partial view of the stent body of Figure 2 in the 
30 expanded state. 

FIG. 4 is an enlarged partial view of the stent body of Figure 2 in the 
compressed state. 
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FIGS. 5-8 are enlarged partial views of portions of alternative stents 
according to the present invention. 

FIG. 9 is a plan view of another stent according to the present invention in 
which the body of the stent is unrolled. 
5 FIG. 10 is a plan view of another stent according to the present invention in 

which the body of the stent is unrolled. 

FIGS 1 1 A-UD illustrate different force profiles that can be provided by 
. _ stents manufactured according to the present invention. 

FIGS. 12 and 12A depict one method of manufacturing a conical stent 
1 0 FIGS. 12B-12D depict mandrels that may be used to manufacture stents 

having corresponding unrestrained expanded diameters. 

FIG. 13 is a schematic diagram of one delivery system according to the 
present invention. 

FIG. 13 A is an enlarged diagram of one portion of the delivery system of 
15 Figure 13. 

FIG. 13B is a cross-sectional view of the mechanism of Figure 13A taken 
along line 13B-13B in Figure 13A, 

FIG. 14 is an enlarged cross-sectional view of the delivery system of Figure 
13 taken along line 14-14 in Figure 13. 
20 FIG. 1 5 is an enlarged cross-sectional view of the distal end of the delivery 

system of Figure 13. 

FIG. 16 is an enlarged cross-sectional view of the distal end of an alternate 
delivery system incorporating a balloon. 

FIG. 1 7 is an enlarged partial cross-sectional view of one rapid-exchange 
25 delivery system according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides stents that may reduce the bending 
stresses/strains associated with the compressed state of radially-expanding stents 
3 0 and/or may prevent longitudinal expansion/contraction of radially expandable 
stents between the compressed and expanded states. In addition, stents according 
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to the present invention preferably exhibit increased longitudinal flexibility in both 
the compressed and expanded states. 

The stents according to the present invention may, in various embodiments, 
provide controllable expansive force profiles. The expansive force profiles can be 

5 controlled by varying the unrestrained expanded diameter of the stents, by varying 
the longitudinal length of the circumferential support sections in the stents, and/or 
by varying the circumferential width of the struts in the support sections. 

The present invention also includes delivery systems in which threading of 
the guidewire through the delivery system may be simplified. In addition, the 

10 delivery systems according to the present invention may also incorporate a balloon 
to assist in radially expanding the stent and/or seating of the stent in the lumen 
during deployment without removing the stent delivery catheter. Further, the 
delivery systems may also include a support tube at the proximal end to assist in 
fixing the position of the stent relative to a guide catheter during deployment of the 

15 stent. 

Although the following discussion, along with the figures, describes 
illustrative preferred embodiments and methods according to the present invention, 
those skilled in the art will understand that other structures and/or methods could 
also be used to accomplish the desired functions. For example, although stents 

20 having one or more support sections are described herein, it will be understood that 
stents manufactured according to the present invention could have any number of 
desired support sections needed to obtain a stent with a desired longitudinal length. 
Furthermore, it will be understood that the figures are schematic only, and that the 
relative dimensions of the various illustrated features are not intended to limit the 

25 scope of the present invention. 

Figure 1 depicts one illustrative self-expanding stent according to the 
present invention. The depicted stent includes a generally tubular body 1 0 defining 
a passageway 12 extending along a longitudinal axis 14. The body 10 is preferably 
formed from a plurality of support sections 20a, 20b, 20c, 20d, 20e, and 20f 

30 (collectively referred to as support sections 20 below) arranged successively along 
the longitudinal axis 14. The body 10 is depicted in Figure 1 in its expanded state 
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in which the support sections 20 have been expanded radially outward from the 
longitudinal axis 14. 

Figure 2 is a plan view of a portion of the body 1 0 of the stent depicted in 
Figure 1 in which the body has been unrolled from the tubular shape of Figure 1 . 
5 Each of the support sections 20 is depicted and has a length along the longitudinal 
axis 14. Referring specifically to support section 20a, the support section 20a 
includes a plurality of primary bends 22 and 22' located on alternating ends of the 
support section 20a. Primary bend 22 on one end of the support section 20a is 
connected to a primary bend 22* by a strut 24. Because of the alternating nature of 

1 0 the primary bends 22 and 22\ the primary bends 22/22' and struts 24 are arranged 
in a zigzag pattern when the stent is in the expanded state (as in Figures 1 and 2). 

Adjacent support sections 20a and 20b are connected to each other by at 
least one longitudinal member 40 extending between the support sections 20a and 
20b. It is preferred that the longitudinal members 40 are attached to the struts 24, 

1 5 although they may be attached at any location on each of the support sections 20. 
More preferably, the longitudinal members 40 are attached to the struts 24 at the 
midpoint of the length of the struts 24 between the primary bends 22 and 22\ By 
attaching the longitudinal members 40 at the midpoints of the struts, the length of 
the body 1 0 of the stent along the longitudinal axis 1 4 will exhibit substantially no 

20 change between the compressed state and the expanded state. 

Although most of the adjacent support sections 20 are connected by only 
one longitudinal member 40 in Figure 2, it should be noted that a plurality of 
longitudinal members 40 can be used to connect the support sections 20. For 
example, support sections 20c and 20d are connected by two longitudinal members 

25 40 in Figure 2. Where more than one longitudinal member 40 is used to connect 
adjacent support sections 20, it is preferred that the longitudinal members be 
spaced evenly about the circumference of the body 10. For example, where two 
longitudinal members 40 are provided, it is preferred that they be located about 1 80 
degrees apart, three longitudinal members 40 would preferably be located about 

30 120 degrees apart, etc. 

It may be preferred (but not required) that smaller stents, i.e., those having 
a diameter as manufactured of about 6 millimeters or less, employ two or more 
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longitudinal members 40 to connect adjacent support sections 20. It may also be 
preferred (but not required) that larger stents, i.e., those having manufactured 
diameters of about 5 millimeters or more, employ three or more longitudinal 
members 40 to connect adjacent support sections 20. It may further be preferred 
5 that the number of longitudinal members 40 be less than the number of primary 
bends 22 found in each of the adjacent support sections 20. By reducing the 
number of longitudinal members 40, the longitudinal flexibility of the stents can be 
improved. The exact number of longitudinal members used in any stent according 
to the present invention will, however, vary based on the need for longitudinal 
10 flexibility 

It is preferred that the longitudinal members 40 connecting immediately 
adjacent support sections 20 are not aligned along the longitudinal axis 14 of the 
stent As one example of this, the arrangement of the longitudinal members 40 in 
the first three support sections 20a, 20b, and 20c can be described. As can be seen 

1 5 in Figure 2, the longitudinal members 40 connecting support sections 20a and 20b 
are not aligned along the longitudinal axis 14 with the longitudinal members 40 
connecting support sections 20b and 20c. It is generally preferred that the 
longitudinal members connecting, e.g., support sections 20a and 20b, be 
tangentially out of phase from longitudinal members 40 connecting support 

20 sections 20b and 20c by as large an amount as possible. For example, if the 
support sections 20a, 20b and 20c are all connected to their adjacent support 
sections 20 by two longitudinal members 180 degrees apart, it is preferred that the 
longitudinal members 40 connecting support sections 20a and 20b be tangentially 
out of phase by 90 degrees from the longitudinal members 40 connecting the 

25 support sections 20b and 20c. 

Providing longitudinal members 40 connecting immediately adjacent 
support sections 20, e.g., 20a and 20b, circumferentially spaced about the support 
sections 20 can improve the flexibility of the body 1 0 along the longitudinal axis 
14. In addition, providing the longitudinal members 40 tangentially out of phase 

30 along the length of the body 10, e.g., between sections 20a-20b and 20b-20c, can 
also improve the longitudinal flexibility of stents according to the present 
invention. Although these concepts have been described with reference to three 
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successive support sections, it will be understood that these concepts can be 
extended along the entire length of a stent incorporating as few as two support 
sections and as many support sections as desired. 

It is significant to note that the longitudinal bending flexibility is improved 
5 both when the stent is in the compressed state during delivery and upon 

deployment of the stent in a body lumen. Increased longitudinal bending flexibility 
when compressed permits threading of the stent through long tortuous vessels and 

- - lesions. Increased longitudinal bending flexibility when expanded allows for 
deployment in highly curved vessels or lumens. 

1 0 It will be understood that the longitudinal members 40 described above 

may be incorporated into self-expanding stents or into stents that are not self- 
expanding, i.e., stents that must be expanded by a balloon or some other method. 
In addition, the connection of the longitudinal members 40 can be used in any stent 
providing zigzag support sections, whether the stent includes primary bends such 

1 5 as those described herein or not In any case, the connection of the longitudinal 
members 40 the midpoints of the struts 24 in adjacent zigzag support sections 20 
will prevent changes in the longitudinal length of stents incorporating zigzag 
support sections similar to those described herein. 

Figure 3 is an enlarged view of a portion of the one of the support sections 

20 20 in Figure 2. A primary bend 22 is shown along with two opposing primary 
bends 22' on the opposite end of the support section. The primary bend 22 is 
attached to a pair of struts 24a and 24b. The lower strut 24a is attached to the 
lower opposing primary bend 22' while the upper strut 24b is attached to the upper 
opposing primary bend 22'. Strut 24a has a midpoint 25a that is generally located 

25 midway between the primary bend 22 and the lower opposing primary bend 22' 
while stmt 24b has a midpoint 25b that is generally located midway between the 
primary bend 22 and the upper opposing primary bend 22'. 

Strut 24a includes a secondary bend 26a located between its midpoint 25a 
and the primary bend 22. The secondary bend 26a forms an apex 27a facing the 

30 other strut 24b attached to the primary bend 22. Strut 24b includes a secondary 
bend 26b located between its midpoint 25b and the primary bend 22. The 
secondary bend 26b forms an apex 27b feeing the other strut 24a attached to the 
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primary bend 22. As depicted in Figures 2 and 3, it is preferred that each of the 
struts 24 connecting primary bends 22 and 22' include two secondary bends, with 
one secondary bend being located on each side of the midpoint of the strut 24. 
Figure 4 depicts the portion of the support section of Figure 3 in the 
5 compressed state in which the opposing upper and lower primary bends 22* are 
moved together. As a result, the struts 24a and 24b are also moved together, and 
abut each other first at a point between the midpoints 25a and 25b of the respective 
struts 24a and 24b. In the embodiment depicted in Figures 3 and 4, the point at 
which the struts associated with or attached to the primary bend 22 abut first is at 

1 0 the apexes 27a and 27b of the struts 24a and 24b. As a result, the minimum radius 
formed by the primary bend 22 during compression of the stent is limited by the 
abutting relationship of the apexes 27a and 27b that redistributes the stresses 
associated with compression of the stent into the struts 24a and 24b. 

The construction of the supports sections depicted in Figures 2-4 can be 

1 5 modified while still limiting the maximum stresses associated with compression of 
the stent. One alternative is depicted in Figure 5 and includes a primary bend 122 
on one end of a support section and two opposing primary bends 122* on the 
opposing end of the support section. The strut 124a connecting the primary bend 
122 with the lower opposing primary bend 122' includes a secondary bend 126a 

20 and the strut 1 24b connecting the primary bend 1 22 with the upper opposing 
primary bend 122' includes a secondary bend 126b. 

The primary difference between the embodiments depicted in Figures 3 and 
5 is that the portion 123a of the strut 124a between the secondary bend 126a and 
the primary bend 122 is not generally parallel to the corresponding portion 123b of 

25 the strut 124b. As described with respect to the embodiment of Figure 3 above, 
however, it is preferred that the struts 124a and 124b abut first at the apexes 127a 
and 127b formed by the secondary bends 126a and 126b during compression to 
thereby reduce the maximum bending stresses associated with compression of the 
stent 

30 Another alternative construction is depicted in Figure 6 and includes a 

primary bend 222 on one end of a support section and two opposing primary bends 
222' on the opposing end of the support section. The strut 224a connecting the 
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primary bend 222 with the lower opposing primary bend 222' includes a secondary 
bend 226a and the strut 224b connecting the primary bend 222 with the upper 
opposing primary bend 222' includes a secondary bend 226b. 

The primary bend 222 in the embodiment of Figure 6 and the portions of 
5 the struts 224a and 224b located between the secondary bends 126a and 126b and 
the primary bend 222 form a generally circular element as seen in Figure 6. As 
described with respect to the embodiments of Figures 3 and 5 above, however, it is 
preferred that the struts 224a and 224b abut first at the apexes 227a and 227b 
formed by the secondary bends 226a and 226b during compression to thereby 
10 reduce the maximum bending stresses associated with compression of the stent. 

Yet another alternative construction is depicted in Figure 7 and includes a 
primary bend 322 on one end of a support section and two opposing primary bends 
322* on the opposing end of the support section. The strut 324a connecting the 
primary bend 322 with the lower opposing primary bend 322' includes a protrusion 
1 5 327a facing the opposing strut 324b attached to the primary bend 322. Similarly, 
the strut 324b connecting the primary bend 322 with the upper opposing primary 
bend 322* includes a protrusion 327b facing the opposing strut 324a. 

Although the struts 324a and 324b do not include secondary bends as in 
those struts described above, the protrusions 327a and 327b define the point at 
20 which the struts 324a/324b first abut when the stent is compressed. Because that 
point is removed from the primary bend 322, the minimum bending radius of the 
primary bend is limited, thereby reducing the maximum bending stresses at the 
primary bends that is associated with compression of the stent 

Figure 8 illustrates yet another feature of stents according to the present 
25 invention when compared to the stent depicted in Figure 2. The view of Figure 8 is 
a portion of a stent body including two adjacent support sections 420a and 420b. 
Support section 420a includes primary bends 422a on one end and opposing 
primary bends 422a' on the opposite end of the support section 420a. Similarly, 
the support section 420b includes primary bends 422b on one end of the support 
30 section 420b and opposing primary bends 422b' on the opposite end of the support 
section 420b. 
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In the embodiment depicted in Figure 8, the primary bends 422a and 422b 
in adjacent support sections 420a and 420b are generally aligned along the 
longitudinal axis 414. Likewise, the primary bends 422a' and 422b' in adjacent 
support sections 420a and 420b are also generally aligned along the longitudinal 
5 axis 414. As a result, the support sections 420a and 420b are said to be "in phase" 
with each other. 

Figure 2 illustrates a stent in which the support sections 20 are "out of 
phase" with the adjacent support sections because the primary bends 22 and 22' on 
the adjacent support sections 20 do not generally align along the longitudinal axis 

10 1 4 as do the primary bends 422a/422b and 422a7422b' in the embodiment 
depicted in Figure 8. 

Figure 9 illustrates another variation that may be advantageous in 
connection with stents according to the present invention. Figure 9 is a plan view 
in which the body of a stent 510 has been unrolled from its tubular shape (after 

1 5 expansion). Each of the support sections 520 has a length along the longitudinal 
axis 514. The support sections 520a-520n (referred to generally as support 
sections 520) are connected to adjacent support sections along the longitudinal axis 
514 by at least one longitudinal member 540 extending between pairs of adjacent 
support sections 520. 

20 The stent 5 1 0 is able to compensate for variations in vessel diameter over 

its length by increasing the longitudinal length of the support sections 520 over the 
length of the stent 520. In the illustrated stent 5 1 0, the longitudinal length of each 
adjacent support section 520 increases from section 520a to section 520n. The 
support sections 520 with different longitudinal lengths exert different outward 

25 forces against the vessel wall after expansion. As a result, the differing lengths of 
the support sections 520 increases the permissible over-sizing of the stent 510 
within a vessel. In other words, the stent 510 can be implanted into a successively 
smaller diameter vessel while limiting the amount of overstressing of the stent 510 
after expansion. In addition, although the distal end of the stent 5 1 0 may be 

30 compressed to a greater degree after expansion in a narrowing vessel, the outward 
force or pressure applied to the vessel by the longer support sections 520 in the 
narrower distal portion of the vessel is smaller, thereby resulting in more uniform 
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applied pressure over the length of the stent 5 1 0 (as compared to a stent in which 
all of the support sections have the same longitudinal length). 

The increases in longitudinal length between adjacent support sections 520 
in the illustrated stent 5 1 0 are substantially constant over the entire stent 5 1 0. In 
5 another alternative, the differences in longitudinal length may increase along the 
length of the stent 510, i.e., the difference in length between support sections 520a 
and 520b is less than the difference between support sections 520b and 520c. 

. _ Those variations in longitudinal length difference between adjacent support 
sections 520 can be uniform (e.g., linear, exponential, etc.) or they may be 

1 0 polynomial, random, etc. In another alternative, length of some sections 520 may 
be the same, with the length of only some support sections 520 varying. 

Variations in the lengths of support sections in stents manufactured 
according to the present invention may be controlled to provide controlled 
variations in the outward forces provided by the stents along their lengths, whether 

15 the stents are located in vessels having varying or uniform diameters. For 
example, it may be desirable to provide a stent in which the outward forces 
generated at each end of the stent are reduced, thereby also providing a stent with 
reduced radial stiffness at its ends. 

One such stent 610 is illustrated in Figure 10 in which the support sections 

20 620a, 620b, 620m and 620n have an increased length along the longitudinal axis 
614 as compared to the interior support sections 620c-620/. One benefit of this 
design is that the ends of the stent 610 may have a reduced longitudinal stiffness 
which may reduce injury to the vessel walls at the ends of the stent 6 1 0. That 
reduction in vessel injury may provide a decrease in restenosis rates in connection 

25 with the stent 610. 

Figures 1 1 A-l ID illustrate a few different force profiles in which the 
horizontal axis is indicative of the longitudinal length of the stent and the vertical 
axis is indicative of the outward force or pressure exerted by the stent on a vessel 
wall after expansion. The depicted force profiles assume that the stents are 

30 uniformly constrained along their lengths after expansion within a vessel, 
regardless of whether the vessel has a constant or varying inner diameter. 



22 




WO 99/39661 PCT/US99/02453 

The force profile illustrated in Figure 1 1 A is indicative of the force profile 
to be expected from a stent similar to stent 5 1 0, i.e., a stent in which successive 
support sections 520 generate continually decreasing outward forces. The force 
profile illustrated in Figure 1 IB is indicative of the force profile to be expected 
5 from a stent similar to stent 610, i.e., a stent in which the support section or 
sections at the ends of the stent generate reduced outward forces as compared to 
the central portion of the stent in which the outward forces are substantially 
. _ uniform. 

The force profile illustrated in Figure 1 1C is indicative of a stent that 

1 0 combines the features of stent 5 1 0 with stent 6 1 0. As illustrated, the outward 
forces generated by the support section or sections at the ends of the stent are 
reduced as compared to the immediately adjacent support sections. In addition, 
however, the support sections in the central portion of the stent generate 
continually reducing outward forces moving along the length of the stent from left 

15 to right in Figure 1 1C. 

The force profile illustrated in Figure 1 ID is indicative of yet another 
variation in the outward force profiles possible using stents manufactured 
according to the present invention. As seen in Figure 1 ID, the outward forces 
generated by the support sections reach a peak near the center of the stent and 

20 gradually decrease towards each end of the stent 

Figures 12 and 12A illustrate another variation in stents according to the 
present invention. The stent 7 10 is formed with an expanded shape that is 
substantially conical. In the preferred stent 710 the support sections 720a-720e 
have a substantially constant length along the longitudinal axis 714. If the stent 

25 710 is manufactured from a material such as a nickel titanium alloy (e.g., Nitinol), 
the stent 710 is preferably manufactured at the smaller diameter and then placed on 
a conical mandrel 790 (see Figure 12) to increase its diameter. By proper heat 
treatment of the Nitinol during manufacturing, the conical shape can be imparted 
into the "memory" of the stent 710. Upon expansion in a vessel, one end of the 

30 stent 710 will be urged to a larger diameter than the other end of the stent 710. As 
a result, the outward force or pressure exerted on a vessel wall with a narrowing 
diameter will preferably be more uniform with stent 710 than with a stent having a 
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uniform expanded diameter. Furthermore, stent 710 can be used to generate a 
force profile similar to that illustrated in Figure 1 1 A when expanded in a vessel 
which does not have a diameter that narrows at the same rate at which the diameter 
of the stent 710 narrows, even though the support sections 720 of the stent are all 
5 of substantially the same longitudinal length. 

Yet another manner in which the outward expansive forces generated by 
the stents manufactured according to the present invention may vary is based on 

- - the circumferential width of each of the struts located between bends in each of the 
support sections. Each of the struts, e.g., strut 24 in Figure 2, has a width as 

1 0 measured circumferentially around the formed stent. In addition, each of the struts 
24 has a thickness measured radially from the longitudinal axis 14 (See Figure 1) 
of the formed stent 

By varying the circumferential width of the struts 24 both along their length 
and through each of the bends 22 and 22\ some control over the expansive forces 

1 5 generated by the support sections 20 may be achieved. For example, a support 
section 20 with wider struts 24 and bends 22/22' may provide a larger expansive 
force than an otherwise comparable support section in which the circumferential 
width of the struts is smaller. These variations in strut width can be provided 
between adjacent support sections 20 and the strut width may vary between support 

20 sections along the stents to provide the desired expansive force profiles, examples 
of which are illustrated in Figures 1 1 A-l ID. Furthermore, variations in 
circumferential width of the support struts can be combined with variations in 
longitudinal lengths of the support sections and/or expanded diameter to yield 
desired expansive force profiles. 

25 When stents are manufactured of a shape-memory metal, such as Nitinol, 

that also exhibits superelasticity, the shape of the mandrel upon which the stents 
are formed can be used to provide varying pressure profiles in a stent, whether the 
stent has support sections with different lengths or substantially uniform 
longitudinal lengths. The support sections of stents formed on the mandrels 

30 illustrated in Figures 12A-12D will exhibit unrestrained expanded diameters based 
on the diameter of that portion of the mandrel on which they are formed. When 
employed in, e.g., a vessel having a generally uniform diameter, the support 
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sections formed with the different unrestrained expanded diameters illustrated by 
the mandrels of Figures 12A-12D will exhibit force profiles similar to their 
unrestrained expanded diameters. For example mandrel 790* in Figure 12B could 
be used to manufacture a stent that can generate a force profile similar to that 
5 illustrated in Figure 1 IB when expanded (i.e., constrained) in a vessel with a 
uniform diameter. Mandrel 790" in Figure 12C could be used to form a stent that 
generated the force profile illustrated in Figure 1 1 C when constrained within a 
- vessel with a generally uniform diameter after expansion. Similarly, the mandrel 
790" 1 in Figure 12D could be used to manufacture a stent exhibiting the force 

1 0 profile illustrated in Figure 1 1 D when constrained within a vessel having a 
generally uniform diameter after expansion. 

The radially expandable stents depicted and described above with respect 
to Figures 1-12 are preferably formed as a one-piece, completely integral units 
from a thin-walled tube of suitable material. Typically, the stents will be cut or 

1 5 machined from a tube using, e.g., laser, water jet, EDM (electrical discharge 

machining), or chemical etching techniques. As a result, the stents can be formed 
without welds or joints. It is also envisioned, however, that stents according to the 
present invention could be formed from a sheet of material using, e.g., laser, water 
jet, EDM, or chemical etching techniques. If the stent was formed from a sheet of 

20 material, the body 1 0 as seen in Figure 2 would be formed into a tube and welded 
or otherwise joined along one side of the stent resulting in a series of welds or 
other joints along the length of the body. 

Preferred materials for stents according to the present invention include 
those materials that can provide the desired functional characteristics with respect 

25 to biological compatibility, modulus of elasticity, etc. For example, it is preferred 
that the stents be biologically compatible, as well as be capable of significant 
recoverable strain to assume a low profile for delivery to a desired location within 
a body lumen. After release of the compressed stent, it is preferred that the stent be 
capable of radially expanding back to its original diameter. 

30 Particularly preferred materials for stents according to the present invention 

are nickel titanium alloys and other alloys that exhibit superelastic behavior, i.e., 
are capable of significant distortion without plastic deformation. Stents 
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manufactured of such materials can be significantly compressed without plastic 
deformation, i.e., they are compressed such that the maximum strain level in the 
stent is below the recoverable strain limit of the material. Discussions relating to 
nickel titanium alloys and other alloys that exhibit behaviors suitable for stents 

5 according to the present invention can be found in, e.g., U.S. Patent No. 5,597,378 
(Jervis) and WO 95/3 1945 (Burmeister et al.). Nickel titanium alloys and tubes 
suitable for use in manufacturing stents according to the present invention can be 
obtained from, e.g., Memry Corp., Menlo Park, California; Minitubes, Grenoble, 
France; NDC, Fremont, California; and Shape Memory Applications, Inc., Santa 

1 0 Clara, California. 

The radially outward directed force developed by the stents according to 
the present invention serves two functions. One function is to hold the body lumen 
open against a force directed radially inward, e.g., a spasm, as well as preventing 
restriction of the passageway through the lumen by intimal flaps or dissections 

1 5 generated by, e.g., prior balloon angioplasty. Another function is to fix the position 
of the stent within the body lumen by intimate contact between the stent and the 
walls of the lumen. The outwardly directed forces must not be excessive, however, 
to avoid traumatization of the lumen walls by the stent. 

The diameters of some preferred stents when in the compressed state for 

20 delivery to a desired location within a body lumen is typically reduced from about 
two to about six times the diameter of the stents when in their expanded state 
before compression. For example, typical stents may have a compressed external 
diameter of about 1 millimeter to about 3 millimeters for delivery and an expanded 
external diameter in a body lumen of about 3 millimeters to about 15 millimeters 

25 when released from compression in a large arterial vessel. Some preferred stents 
used in coronary arteries may have a compressed external diameter of about 1 
millimeter and an expanded external diameter in a body lumen of up to about 6 
millimeters. 

In addition to ranges in diameters, it will also be understood that the stents 
30 according to the present invention can have any desired longitudinal length as 
required for a particular application. Furthermore, although the illustrative stents 
depicted in Figures 1-12 have a plurality of successive support sections, it will be 
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understood that some stents according to the present invention could be 
manufactured with only one support section (in which case no longitudinal 
members would be required to connect adjacent support sections). 

Having thus described radially expandable stents according to the present 
5 invention, we will now describe one delivery system suitable for deploying the 
self-expanding stents described above as well as other radially expandable stents. 
The delivery system depicted in Figures 13-15 provides for delivery of a stent to a 
desired location within a body lumen. It will be understood that the stents 
described above may be deployed by any suitable delivery system and they are not 

10 to be limited to deployment by the delivery systems described below. 

The delivery system of Figure 13 includes a handle 50 at the proximal end. 
The handle 50 includes a release button 5 1 that slides within a channel 52 located 
in the handle 50. Preferably, the release button 5 1 is actuated by a user's thumb to 
assist in one-handed delivery of the stent as discussed in more detail below. 

15 It is preferred that the release button 5 1 be locked or retained in position 

before delivery to prevent accidental or unwanted deployment of the stent from the 
delivery system. Referring to Figure 13 A, one preferred retaining mechanism is a 
bend or turn in the distal end of the channel 52 such that the channel 52 includes a 
circumferential portion 52a at the distal end connecting to the otherwise 

20 longitudinal channel 52 seen in Figures 13 and 13 A. Retaining the release button 
5 1 in position at the distal end of the channel 52 (in the circumferential portion of 
the channel) until delivery of the stent is desired, at which time the button 5 1 is 
moved circumferentially and then longitudinally along the length of the channel 52 
to release the stent as discussed in more detail below. 

25 The illustrated channel 52 also includes two constrictions 53a and 53b that 

are also provided to assist in controlling movement of the release button 5 1 . The 
constrictions 53a and 53b are narrowed such that an increased force is required to 
move the release button 5 1 past the localized narrowing. Constriction 53a works 
in combination with circumferential portion 52a of the channel to retain the button 

30 in position at the distal end of the channel 52 while constriction 53b assists in 
retaining the release button 5 1 near the proximal end of the channel 52 after 
deployment of a stent. 
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Those skilled in the art will understand that a variety of retaining 
mechanisms could be substituted for the preferred mechanism described above. 
Examples of suitable alternatives include, but are not limited to: a removable 
security band around the handle 50 that must be removed to move the release 
5 button 5 1 proximally, stoppers within the channel 52 that must be removed to 
move the release button 51 proximally, a detent mechanism in which the release 
button can be depressed radially inward to release the button 51 for movement 
- - within the channel, etc. 

Figure 13B illustrates another feature of the deployment mechanism, i.e., 

1 0 the inclusion of an anti-reverse mechanism. By anti-reverse, it is meant that 

movement of the button 51 in the opposite direction (distally) after deployment has 
begun is restricted or prevented. The illustrated anti-reverse mechanism seen in 
Figure 13B includes a flat bent wire spring 48 that contacts the inner surface 49 of 
the handle. As the button 5 1 is moved proximally (to the right in Figure 13B), 

1 5 wire 48 drags along the surface 49. Attempts to move the button 5 1 distally (to the 
left in Figure 1 3B) will, however, cause the end of the wire 48 to become 
embedded in the inner surface 49, thereby restricting or preventing such 
movement. Although wire 48 provides one embodiment of an anti-reverse 
mechanism, those skilled in the art will recognize many other mechanisms that 

20 perform the same or substantially the same function including, but not limited to 
ratcheting mechanisms, silicone seals, etc. 

A support tube 54 extends from the distal end of the handle 50 and 
preferably extends into the hemostasis valve 94 of the Y-connector 92 of a guide 
catheter 90. Preferably, the support tube 54 terminates within the guide catheter 90 

25 at a point near the Y-connector 92. The guide catheter 90 preferably terminates at 
a distal end 96 spaced from the Y-connector 92. The construction of guide 
catheters, Y-connectors and hemostasis valves are well known and will not be 
described further. 

Figure 14 is a cross-sectional view of the proximal portion of the delivery 
30 system taken along the longitudinal axis of the support tube 54 as indicated by line 
14-14 in Figure 13. The support tube 54 is coaxial with a cover sheath 70 and 
inner tube 60, both of which are described in more detail below. It is preferred that 
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the cover sheath 70 be movable within the support tube 54 and that the cover 
sheath 70 also be movable relative to the inner tube 60. Further, it is preferred that 
the inner tube 60 and the support tube 54 be fixed relative to each other. 

Figure 1 5 is an enlarged view of the distal portion of the delivery device in 
5 which the stent 1 0 is located within the lumen 72 formed by the cover sheath 70. 
The cover sheath 70 maintains the stent 1 0 in a compressed state in which the stent 
10 has a diameter suitable for delivery to an internal body lumen 100. Because the 
. _ stent 10 is self-expanding, it is biased radially outward against the interior surface 
of the cover sheath 70 as depicted. 

10 An inner tube 60 preferably extends through the cover sheath 70 and the 

compressed stent 1 0 as seen in Figure 1 5. The inner tube 60 also preferably 
includes a guidewire lumen 64 extending through to the distal end 61 of the inner 
tube 60. For clarity, the guidewire 104 has been removed from the guidewire 
lumen 64 in the inner tube 60 of Figure 15. 

1 5 The preferred inner tube 60 includes a shoulder 62 proximal to the 

proximal end 16 of the stent 10. The shoulder 62 prevents the stent 10 from 
moving proximally with the cover sheath 70 during deployment because the 
outside diameter of the inner tube 60 at the shoulder 62 is greater than the inside 
diameter of the compressed stent 10. As a result, the position of the stent 10 

20 relative to the shoulder 62 on inner tube 60 is fixed when the cover sheath 70 is 
moved proximally during deployment of the stent 10 as described below. 

Inner tube 60 preferably extends to the handle 50 of the delivery system 
depicted in Figure 13. Furthermore, the inner tube 60 is preferably fixedly attached 
to the handle 50 and is substantially inextensible along its length. As a result, the 

25 distance between the handle 50 and the shoulder 62 on the inner tube 60 is fixed. 
Because the distance between the shoulder 62 and the handle 50 is fixed, the 
distance between the handle 50 and the compressed stent 10 on the interior surface 
of the cover sheath 70 is also fixed during deployment 

The stent 10 is released by moving the cover sheath 70 towards the 

30 proximal end of the delivery device, i.e., away from the distal end 61 of the inner 
tube 60. The cover sheath 70 is connected to an actuator such as a release button 
51 on the handle 50 such that movement of the button 51 towards the proximal end 
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53 of the handle 50 moves the cover sheath 70 in the proximal direction towards 
the handle 50. If the stent 1 0 is self-expanding, that movement of the cover sheath 
70 preferably removes the constraining forces on the compressed stent 10, thereby 
allowing it to expand within the lumen 100. Actuators that accomplish the 
5 function of moving the cover sheath 70 relative to the handle 50 other than the 
preferred release button 51 will be known to those skilled in the art 

To assist in positioning the stent 10 during delivery, it is preferred that one 

. _ radio-opaque marker 68 be provided on the inner tube 60 at the proximal end 1 6 of 
the stent 10 and another radio-opaque marker 74 be provided on the cover sheath 

10 70 at the distal end 1 8 of the stent 1 0. Movement of the marker 74 on the cover 
sheath 70 past the marker 68 on the inner tube 60 is preferably indicative of 
sufficient movement of the cover sheath 70 such that the stent 10 is no longer 
constrained by within the lumen 72 of the cover sheath has been deployed within 
the body lumen 100. 

1 5 Figure 16 is an enlarged view of the distal portion of an alternative delivery 

system incorporating an inflatable balloon 180 on the inner tube 160, with the 
balloon preferably located within the passageway formed by the compressed stent 
110. As described in connection with the embodiment depicted in Figure 15, the 
stent 1 10 is located within the lumen 172 formed by the cover sheath 170. The 

20 cover sheath 1 70 maintains the stent 1 1 0 in a compressed state in which the stent 
1 10 has a diameter suitable for delivery to an internal body lumen. Because the 
stent 1 10 is self-expanding, it is biased radially outward against the interior surface 
of the cover sheath as depicted. 

The inner tube 160 also preferably includes a guidewire lumen 164 

25 extending through to the distal end 161 of the inner tube 160. The inner tube 160 
also includes a shoulder 1 62 at the proximal end 1 1 6 of the stent 1 1 0 to assist in 
deploying the stent 1 10 as described above in connection with Figure 15. Inner 
tube 1 60 also preferably extends to the handle of a delivery system as described 
above in connection with Figure 15. 

30 As seen in Figure 1 6, the portion of the inner tube 1 60 on which the 

balloon 1 80 is mounted preferably has a reduced diameter to maintain a low profile 
while allowing room for the balloon 1 80. The inner tube 1 60 also includes an 
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inflation lumen 182 in fluid communication with the interior of the collapsed 
balloon 1 80. The inflation lumen 1 82 is used to deliver the fluids used to inflate 
the balloon 180 during deployment of the stent 1 10. The inflation lumen 182 
preferably terminates at the proximal end of the inner tube 1 60 where the fluid 
5 source can be connected by known methods. 

To assist in positioning the stent 1 10 during delivery, it is preferred that one 
radio-opaque marker 168 be provided on the inner tube 160 at the proximal end 
1 1 6 of the stent 1 1 0 and another radio-opaque marker 1 74 be provided on the 
cover sheath 1 70 at the distal end 1 1 8 of the stent 1 1 0. Movement of the marker 

10 1 74 on the cover sheath 1 70 past the marker 1 68 on the inner tube 1 60 is preferably 
indicative of sufficient movement of the cover sheath 170 such that the stent 1 10 is 
no longer constrained by within the lumen 172 of the cover sheath has been 
deployed within a body lumen. 

As described above in connection with Figure 13, the preferred delivery 

1 5 systems according to the present invention also preferably include a support tube 
54 exterior to and coaxial with the cover sheath 70 and inner tube 60 to further 
assist in accurate placement of the stent 1 0. The support tube 54 preferably extends 
from the handle 50 and is sufficiently long to extend into the lumen of the guide 
catheter 90. As best seen in Figure 13, the support tube 54 preferably extends into, 

20 e.g., a Y-connector 92 of the guide catheter 90 such that the position of the support 
tube 54 can be fixed relative to the guide catheter 90 by closure of the hemostasis 
valve 94 on the Y-connector 92. 

It is preferred that the support tube 54 be fixedly attached to the handle 50 
and that the support tube 54 be substantially inextensible along its longitudinal axis 

25 such that, after the support tube 54 is fixed in the hemostasis valve 94, the handle 
50 is located a fixed distance from the hemostasis valve 94. The cover sheath 70 
located within the support tube 54 (see Figure 14) is, however, free to move 
longitudinally within the support tube 54 during deployment of the stent 10. 
Because the support tube 54 and the inner tube 60 are both fixedly attached to the 

30 handle 50, however, the distance between the stent 1 0 and the hemostasis valve 94 
(and handle 50) are also fixed on closure of the hemostasis valve 94 on the support 
tube 54. 
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Use of the delivery system described above will now be described in 
connection with balloon angioplasty treatment of a lesion within a coronary vessel. 
Deployment of the stent will typically involve balloon angioplasty to expand the 
passageway through a lesion. Typically, a balloon catheter will be advanced over a 
5 guidewire to the desired location. After dilatation, the balloon catheter will be 
withdrawn while the guidewire 104 and guide catheter 90 used with the balloon 
catheter remain in position. The guide catheter 90 is typically sutured in position 
to fix its location relative to the patient. At that point, the inner tube 60 and cover 
sheath 70 with compressed stent 10 will be advanced through the guide catheter 90 

1 0 past the distal end 96 of the guide catheter 90 along the guidewire 1 04 until the 
stent 1 0 is in the desired location relative to the lesion 1 02. That position can be 
verified by, e.g., using the radio-opaque markers 68 and 74 on the inner tube 60 
and cover sheath 70 as described above. 

With the stent 10 in the desired location, the hemostasis valve 94 is 

1 5 preferably fastened or closed on the support tube 54, thereby fixing the position of 
the stent relative to the guide catheter 90 (which, in turn fixes the position of the 
stent 10 relative to the patient because of the connection between the guide catheter 
90 and the patient as described above). With the hemostasis valve 94 closed, the 
release button 5 1 is moved from its locked position within the channel 52 and then 

20 gently moved towards the proximal end 53 of the handle 50. That movement 
preferably draws the distal end 76 of the cover sheath 70 past the stent 10. If the 
stent 10 is self-expanding, it will typically expand radially outward from the inner 
tube 60 towards the interior surface of the lesion 102. 

After the cover sheath 70 is withdrawn sufficiently to expose the stent 10, 

25 the balloon 80 can be inflated to either expand the stent 1 0 (if it is not self- 
expanding) or to assist in proper seating of the stent 10 against the interior surface 
of the lumen 100 and/or lesion 102. The balloon 80 is preferably a high pressure 
balloon (operating at 12-14 Bars) and preferably has an inflated diameter that is 
less than or equal to the interior diameter of the stent 10 as expanded. 

30 Another feature of one preferred rapid-exchange delivery system according 

to the present invention is in the routing of the guidewire 104 out of the inner tube 
60 and cover sheath 70 at a point between the distal end 61 of the inner tube 60 and 
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the distal end of the support tube 54. Turning to Figure 17, a portion of a rapid- 
exchange delivery system proximal from the distal end 61 of the inner tube 60 is 
depicted which includes the cover sheath 70 and the inner tube 60 located within 
the lumen 72 of the cover sheath 70. The guidewire lumen 64 of the inner tube 60 
5 terminates in a first guidewire opening 63 in the depicted embodiment A second 
guidewire opening 73 is provided in the cover sheath 70. 

A guide element 1 30 is preferably provided that extends through the 
second guidewire opening 73 and the first guidewire opening 63 and into the 
guidewire lumen 64 of the inner tube 60. As such, advancement of the proximal 

1 0 end 106 of the guidewire 1 04 towards the proximal end of the delivery system 
through the guidewire lumen 64 (to the left in Figure 1 7) moves the proximal end 
106 of the guidewire 104 into a lumen 132 in the guide element 130. 

It is preferred that only a portion of the guidewire 104 fit within the lumen 
1 32 in the guide element 130. As a result, continued advancement of the 

1 5 guidewire 1 04 towards the proximal end of the delivery system forces the guide 
element 130 out of the first and second guidewire openings 63/73 as well as guides 
the proximal end 106 of the guidewire 104 through those openings. After the 
proximal end 106 of the guidewire 104 is threaded through the openings 63/73 in 
the inner tube 60 and cover sheath 70, the distal portion of the inner tube 60 and 

20 cover sheath 70 in which the guidewire 104 is contained can be advanced through 
the guide catheter 90 along the guidewire 104. 

Although Figure 17 illustrates one embodiment of a rapid-exchange 
delivery system, it will be understood that the stents according to the present 
invention can be delivered by any delivery system, e.g., an over-the-wire delivery 

25 system or by any other suitable delivery system. Furthermore, it will also be 

understood that the distal portions of the delivery system as depicted in Figures 1 5 
and 16 could be used in connection with any suitable delivery system, including, 
e.g., rapid-exchange or over-the-wire delivery systems. 

Furthermore, the preceding specific embodiments are illustrative of the 

30 practice of the invention. It is to be understood, however, that other expedients 
known to those skilled in the art or disclosed herein, may be employed without 
departing from the scope of the appended claims. 
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What is claimed is: 

1 . A radially expandable stent for implantation within a body lumen 
comprising: 

an elongated generally tubular body defining a passageway having a 
5 longitudinal axis; 

the body comprising a plurality of circumferential support sections 
arranged successively along the longitudinal axis, each of the support sections 
having a length along the longitudinal axis; 

each of the circumferential support sections comprising a plurality of 
10 primary bends interconnected by struts, the primary bends being located on 
alternating ends of the support section around the circumference of the body, 
each of the struts connecting successive primary bends on opposite ends of the 
support section and having a midpoint generally located therebetween; and 

at least one longitudinal member connecting adjacent support sections in 
1 5 the body, the longitudinal member having a first end attached proximate the 
midpoint of one of the struts and a second end attached proximate the midpoint 
of one of the struts in the adjacent support section; 

wherein the stent is radially compressible into a compressed state in 
which the struts are generally aligned with the longitudinal axis and radially 
20 expandable into an expanded state in which the struts and the primary bends in 
each of the support sections are arranged in a zigzag pattern, and further wherein 
the longitudinal length of the stent in the compressed state is substantially the 
same as the longitudinal length of the stent in the expanded state. 

25 2. A stent according to claim 1 , wherein the body comprises first, second 
and third support sections, and further wherein each of the longitudinal members 
connecting the first support section to the second support section are 
circumferentially offset from each of the longitudinal members connecting the 
second support section to the third support section* 

30 

3. A stent according to claim 1 , further comprising two or more longitudinal 
members connecting adjacent support sections in the body. 
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4. A stent according to claim 1 , wherein all of the support sections are in 
phase with each other. 

5 5. A stent according to claim 1 , wherein at least one pair of adjacent support 
sections are out of phase with each other. 

. , 6. A stent according to claim 1 , wherein the body comprises a nickel 
titanium alloy. 

10 

7. A stent according to claim 1, wherein each primary bend of the plurality 
of primary bends connects a pair of struts in the support section, and further 
wherein each pair of struts abut at a point between the primary bend and the 
midpoint of each of the struts in the pair of struts when the stent is in the 

1 5 compressed state, whereby the bending stress is reduced at each primary bend of 
the plurality of primary bends. 

8. A stent according to claim 7, wherein at least one of the struts in each 
pair of struts associated with one of the primary bends comprises a secondary 

20 bend located between the midpoint and one end of the strut, the secondary bend 
including an apex facing the other strut in the pair of struts, and further wherein 
the point at which the pair of struts abut is at the apex of the secondary bend 
when the stent is in the compressed state. 

25 9. A stent according to claim 7, wherein each strut of the plurality of struts 
comprises two secondary bends, one of the secondary bends located on each side 
of the midpoint of the strut and each of the secondary bends being spaced from 
the ends of the strut, each of the secondary bends having an apex, wherein the 
apexes of each of the secondary bends face the opposing struts in each pair of 

30 struts associated with one of the primary bends in the support section, and further 
wherein the point at which each pair of struts associated with one of the primary 
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bends abut when the stent is in the compressed state is at the apexes of the 
secondary bends of the struts. 

1 0. A stent according to claim 7, wherein at least one of the struts in each 
5 pair of struts associated with one of the primary bends comprises a protrusion 
located between the midpoint and one end of the strut, the protrusion facing the 
other strut in the pair of struts, and further wherein the point at which the pair of 
struts abut is at the protrusion when the stent is in the compressed state. 

10 11. A stent according to claim 7, wherein each strut of the plurality of struts 
comprises two protrusions, one of the protrusions located on each side of the 
midpoint of the strut and each of the protrusions being spaced from the ends of 
the strut, wherein the protrusions face the opposing struts in each pair of struts 
associated with one of the primary bends in the support section, and further 

1 5 wherein the point at which each pair of struts abut when the stent is in the 

compressed state is at the protrusions in each strut in the pair of adjacent struts. 

12. A radially expandable stent for implantation within a body lumen 
comprising: 

20 an elongated generally tubular body defining a passageway having a 

longitudinal axis, the body comprising at least one circumferential support 
section having a length along the longitudinal axis; 

each of the circumferential support sections comprising a plurality of 
primary bends interconnected by struts, the primary bends being located on 

25 alternating ends of the support section around the circumference of the body, 
each of the struts connecting successive primary bends on opposite ends of the 
support section and having a midpoint generally located therebetween; 

wherein the stent is radially compressible into a compressed state and 
radially expandable into an expanded state in which the struts and primary bends 

30 in each of the support sections are arranged in a zigzag pattern, and further 
wherein each pair of adjacent struts associated with each of the primary bends 
abut at a point between the primary bend and the midpoint of each strut in the 
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pair of adjacent struts when the stent is in the compressed state, whereby the 
bending stress is reduced at each primary bend of the plurality of primary bends. 

13. A stent according to claim 12, wherein at least one of the struts in the pair 
5 of struts associated with each of the primary bends comprises a secondary bend 

located between the midpoint and one end of the strut, the secondary bend 
including an apex facing the other strut in the pair of struts, and further wherein 
the point at which the pair of struts abut is at the apex of the secondary bend 
when the stent is in the compressed state. 

10 

14. A stent according to claim 12, wherein each strut of the plurality of struts 
comprises two secondary bends, one of the secondary bends located on each side 
of the midpoint of the strut and each of the secondary bends being spaced from 
the ends of the strut, each of the secondary bends having an apex, wherein the 

15 apexes of each of the secondary bends face the opposing struts in each pair of 
struts associated with one of the primary bends in the support section, and further 
wherein the point at which each pair of struts associated with one of the primary 
bends abut when the stent is in the compressed state is at the apexes of the 
secondary bends of the struts. 

20 

15. A stent according to claim 12, wherein at least one of the struts in each 
pair of struts associated with one of the primary bends comprises a protrusion 
located between the midpoint and one end of the strut, the protrusion facing the 
other strut in the pair of struts, and further wherein the point at which the pair of 

25 struts abut is at the protrusion when the stent is in the compressed state. 

16. A stent according to claim 12, wherein each strut of the plurality of struts 
comprises two protrusions, one of the protrusions located on each side of the 
midpoint of the strut and each of the protrusions being spaced from the ends of 

30 the strut, wherein the protrusions face the opposing struts in each pair of struts 
associated with one of the primary bends in the support section, and further 
wherein the point at which each pair of struts associated with one of the primary 
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bends abut when the stent is in the compressed state is at the protrusions in the 
struts. 

17. A radially expandable stent for implantation within a body lumen 
5 comprising: 

an elongated generally tubular body defining a passageway having a 
longitudinal axis, the body comprising at least one circumferential support 
section having a length along the longitudinal axis; 

each of the circumferential support sections comprising a substantially 

1 0 continuous element including a plurality of primary bends interconnected by 

struts, the primary bends being located on alternating ends of the support section 
around the circumference of the body, each of the struts connecting successive 
primary bends on opposite ends of the support section and having a midpoint 
generally located therebetween, wherein the stent is radially compressible into a 

15 compressed state and radially expandable into an expanded state in which the 
struts and primary bends in each of the support sections are arranged in a zigzag 
pattern; and 

means for reducing bending stress at the primary bends when the stent is 
in the compressed state. 

20 

1 8. A stent according to claim 17, wherein the means for reducing bending 
stress causes each pair of struts associated with one of the primary bends to abut 
at a point between the midpoints of the pair of struts and the primary bend. 

25 19. A stent according to claim 1 7, wherein the body comprises a plurality of 
circumferential support sections arranged successively along the longitudinal 
axis, and further wherein the body comprises at least one longitudinal member 
connecting adjacent support sections in the body, the longitudinal member 
having a first end attached to one of the support sections and a second end 

30 attached to the adjacent support section. 
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20. A stent according to claim 19, wherein the first end of each of the 
longitudinal members is attached proximate the midpoint of one of the struts in 
one of the support sections and the second end of each of the longitudinal 
members is attached proximate the midpoint of one of the struts in an adjacent 

5 support section; wherein the longitudinal length of the stent in the compressed 
state is substantially the same as the longitudinal length of the stent in the 
expanded state. 

21. A delivery system for implantation of a radially-expandable stent within a 
1 0 body lumen comprising: 

an inner tube having a proximal end and a distal end, the inner tube 
having an inner tube lumen formed therein, the inner tube lumen having an 
opening at the distal end of the inner tube; 

a cover sheath having a proximal end and a distal end, the cover sheath 
1 5 comprising a wall defining a cover sheath lumen, the inner tube located within 
the cover sheath lumen; 

a stent positioned about the inner tube at the distal end of the cover 

sheath; 

a first guidewire opening in the inner tube lumen, the first guidewire 
20 opening spaced from the distal end of the inner tube; 

a second guidewire opening in the wall of the cover sheath, the second 
guidewire opening located proximate the first guidewire opening; and 

a guide element having a distal end located within the inner tube lumen, 
the guide element extending between the first and second guidewire openings. 

25 

22. A system according to claim 2 1 , wherein the guide element comprises a 
proximal end located outside of the cover sheath lumen such that the guide 
element extends through the second guidewire opening. 

30 23, A system according to claim 21, wherein the guide element is removably 
positioned in the inner tube lumen and the first and second guidewire openings. 
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24. A system according to claim 2 1 , wherein the inner tube lumen terminates 
at the first guidewire opening. 

25. A system according to claim 2 1 , wherein the first guidewire opening is 
5 formed in an inner tube wall. 

26. A system according to claim 2 1 , wherein the guide element comprises a 
guide lumen formed in the distal end of the guide element. 

10 27. A system according to claim 26, wherein the guide lumen can receive 
only a portion of the guidewire. 

28. A system according to claim 21, wherein the stent is self-expanding and 
comprises: 

1 5 an elongated generally tubular body defining a passageway having a 

longitudinal axis, the body comprising at least one circumferential support 
section having a length along the longitudinal axis; 

each of the circumferential support sections comprising a plurality of 
primary bends interconnected by struts, the primary bends being located on 

20 alternating ends of the support section around the circumference of the body, 
each of the struts connecting successive primary bends on opposite ends of the 
support section and having a midpoint generally located therebetween; 

wherein the stent is radially compressible into a compressed state and 
radially expandable into an expanded state in which the struts and primary bends 

25 in each of the support sections are arranged in a zigzag pattern, and further 
wherein each pair of adjacent struts associated with each of the primary bends 
abut at a point between the primary bend and the midpoint of each strut in the 
pair of adjacent struts when the stent is in the compressed state, whereby the 
bending stress is reduced at each primary bend of the plurality of primary bends. 

30 

29. A system according to claim 28, wherein the stent is biased against the 
interior surface of the cover sheath in the compressed state, and further wherein 
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the inner tube comprises a shoulder having an outside diameter greater than an 
inside diameter of the stent in the compressed state within the cover sheath, 
whereby movement of the cover sheath proximally forces the stent out of the 
cover sheath. 

5 

30. A system according to claim 28, wherein at least one of the struts in the 
pair of struts associated with each of the primary bends comprises a secondary 
bend located between the midpoint and one end of the strut, the secondary bend 
including an apex facing the other strut in the pair of struts, and further wherein 

1 0 the point at which the pair of struts abut is at the apex of the secondary bend 
when the stent is in the compressed state. 

31. A system according to claim 28, wherein at least one of the struts in each 
pair of struts associated with one of the primary bends comprises a protrusion 

1 5 located between the midpoint and one end of the strut, the protrusion facing the 
other strut in the pair of struts, and further wherein the point at which the pair of 
struts abut is at the protrusion when the stent is in the compressed state. 

32. A system according to claim 28, wherein the body comprises a plurality 
20 of circumferential support sections arranged successively along the longitudinal 

axis, and further wherein the body comprises at least one longitudinal member 
connecting adjacent support sections in the body, the longitudinal member 
having a first end attached proximate the midpoint of one of the struts in one of 
the support sections and a second end attached proximate the midpoint of one of 
25 the struts in an adjacent support section; wherein the longitudinal length of the 
stent in the compressed state is substantially the same as the longitudinal length 
of the stent in the expanded state. 

33. A system according to claim 32, wherein the body of the stent comprises 
30 first, second and third support sections, and further wherein each of the 

longitudinal members connecting the first support section to the second support 
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section are circumferentially offset from each of the longitudinal members 
connecting the second support section to the third support section. 

34. A system according to claim 2 1 , further comprising: 
5 an expandable balloon located on the inner tube; and 

an inflation lumen in fluid communication with the balloon, the inflation 
lumen extending from the proximal end of the delivery system to the balloon. 

35. A system according to claim 34, wherein the balloon is located between 
1 0 the stent and the inner tube. 

36. A radially expandable stent for implantation within a body lumen 
comprising: 

an elongated generally tubular body defining a passageway having a 
15 longitudinal axis; 

the body comprising a plurality of circumferential support sections 
arranged successively along the longitudinal axis, each of the support sections 
having a longitudinal length along the longitudinal axis; 

each of the circumferential support sections comprising a plurality of 
20 primary bends interconnected by struts, the primary bends being located on 
alternating ends of the support section around the circumference of the body, 
each of the struts connecting successive primary bends on opposite ends of the 
support section; and 

at least one longitudinal member connecting adjacent support sections in 
25 the body; 

wherein each of the circumferential support sections is radially 
compressible into a compressed diameter and radially expandable into an 
unrestrained expanded diameter in which the struts and the primary bends in 
each of the support sections are arranged in a zigzag pattern, and further wherein 
30 the longitudinal lengths of at least two of the circumferential support sections are 
different 
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37. A stent according to claim 36, wherein the longitudinal lengths of 
successive circumferential support sections increases from one end of the stent to 
an opposite end of the stent 

5 38. A stent according to claim 37, wherein the increases in longitudinal 
lengths between successive support sections are uniform. 

39. A stent according to claim 36, wherein the longitudinal lengths of the 
circumferential support sections at each end of the stent are greater than the 

1 0 length of one of the circumferential support sections located between the 
circumferential support sections at each end of the stent 

40. A stent according to claim 36, wherein the circumferential support 
section with the shortest longitudinal length is located proximate a center of the 

15 stent 

41. A stent according to claim 36, wherein the body comprises a nickel 
titanium alloy. 

20 42. A radially expandable stent for implantation within a body lumen 
comprising: 

an elongated generally tubular body defining a passageway having a 
longitudinal axis; 

the body comprising a plurality of circumferential support sections 
25 arranged successively along the longitudinal axis, each of the support sections 
having a longitudinal length along the longitudinal axis; 

each of the circumferential support sections comprising a plurality of 
primary bends interconnected by struts, the primary bends being located on 
alternating ends of the support section around the circumference of the body, 
30 each of the struts connecting successive primary bends on opposite ends of the 
support section; and 
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at least one longitudinal member connecting adjacent support sections in 
the body; 

wherein each of the circumferential support sections is radially 
compressible into a compressed diameter and radially expandable into an 
5 unrestrained expanded diameter in which the struts and the primary bends in 
each of the support sections are arranged in a zigzag pattern, and further wherein 
the unrestrained expanded diameters of at least two of the support sections vary. 

43. A stent according to claim 42, wherein the unrestrained expanded 

10 diameters of successive circumferential support sections increases from one end 
of the stent to an opposite end of the stent. 

44. A stent according to claim 43, wherein the increases in the unrestrained 
expanded diameters between successive support sections are uniform. 

15 

45. A stent according to claim 42, wherein the unrestrained expanded 
diameters of the circumferential support sections at each end of the stent arc 
smaller than the unrestrained expanded diameter of one of the circumferential 
support sections located between the circumferential support sections at each end 

20 of the stent. 

46. A stent according to claim 42, wherein the circumferential support 
section with the largest unrestrained expanded diameter is located proximate a 
center of the stent. 

25 

47. A stent according to claim 42, wherein the longitudinal lengths of the 
circumferential support sections are substantially uniform. 

48. A stent according to claim 42, wherein the longitudinal lengths of at least 
30 two of the circumferential support sections are different. 
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49. A stent according to claim 42, wherein the body comprises a nickel 
titanium alloy. 

50. A radially expandable stent for implantation within a body lumen 
5 comprising: 

an elongated generally tubular body defining a passageway having a 
longitudinal axis; 

the body comprising a plurality of circumferential support sections 
arranged successively along the longitudinal axis, each of the support sections 
1 0 having a longitudinal length along the longitudinal axis; 

each of the circumferential support sections comprising a plurality of 
primary bends interconnected by struts having a circumferential width, the 
primary bends being located on alternating ends of the support section around the 
circumference of the body, each of the struts connecting successive primary 
15 bends on opposite ends of the support section; and 

at least one longitudinal member connecting adjacent support sections in 
the body; 

wherein each of the circumferential support sections is radially 
compressible into a compressed diameter and radially expandable into an 
20 unrestrained expanded diameter in which the struts and the primary bends in 

each of the support sections are arranged in a zigzag pattern, and further wherein 
the circumferential widths of the struts in at least two of the circumferential 
support sections are different 

25 51. A stent according to claim 50, wherein the longitudinal lengths of at least 
two of the circumferential support sections are different. 

52. A stent according to claim 50, wherein the unrestrained expanded 
diameters of at least two of the support sections vary. 

30 
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53. A method of deploying a stent within a body lumen comprising: 

a) providing a radially expandable stent in a compressed diameter 
proximate a distal end of a delivery device, wherein the stent comprises: 

an elongated generally tubular body defining a passageway 
having a longitudinal axis; 

the body comprising a plurality of circumferential support 
sections arranged successively along the longitudinal axis, each of 
the support sections having a longitudinal length along the 
longitudinal axis; 

each of the circumferential support sections comprising a 
plurality of primary bends interconnected by struts, the primary 
bends being located on alternating ends of the support section 
around the circumference of the body, each of the struts 
connecting successive primary bends on opposite ends of the 
support section; and 

at least one longitudinal member connecting adjacent 
support sections in the body; 

wherein each of the circumferential support sections is 
radially compressible into the compressed diameter and radially 
expandable into an unrestrained expanded diameter in which the 
struts and the primary bends in each of the support sections are 
arranged in a zigzag pattern, and further wherein the longitudinal 
lengths of at least two of the circumferential support sections are 
different; 

b) advancing the distal end of the delivery device and the stent 
through a body lumen; and 

c) deploying the stent at a desired location within the body lumen. 

54. A method of deploying a stent within a body lumen comprising: 

a) providing a radially expandable stent in a compressed diameter 
proximate a distal end of a delivery device, wherein the stent comprises: 
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an elongated generally tubular body defining a passageway 
having a longitudinal axis; 

the body comprising a plurality of circumferential support 
sections arranged successively along the longitudinal axis, each of 
the support sections having a longitudinal length along the 
longitudinal axis; 

each of the circumferential support sections comprising a 
plurality of primary bends interconnected by struts, the primary 
bends being located on alternating ends of the support section 
around the circumference of the body, each of the stmts 
connecting successive primary bends on opposite ends of the 
support section; and 

at least one longitudinal member connecting adjacent 
support sections in the body; 

wherein each of the circumferential support sections is 
radially compressible into the compressed diameter in which the 
struts are generally aligned with the longitudinal axis and radially 
expandable into an unrestrained expanded diameter in which the 
struts and the primary bends in each of the support sections are 
arranged in a zigzag pattern, and further wherein the unrestrained 
expanded diameters of at least two of the support sections vary; 

b) advancing the distal end of the delivery device and the stent 
through a body lumen; and 

c) deploying the stent at a desired location within the body lumen, 

55. A method of deploying a stent within a body lumen comprising: 

a) providing a radially expandable stent in a compressed diameter 
proximate a distal end of a delivery device, wherein the stent comprises: 

an elongated generally tubular body defining a passageway 
having a longitudinal axis; 

the body comprising a plurality of circumferential support 
sections arranged successively along the longitudinal axis, each of 
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the support sections having a longitudinal length along the 
longitudinal axis; 

each of the circumferential support sections comprising a 
plurality of primary bends interconnected by struts, the primary 
bends being located on alternating ends of the support section 
around the circumference of the body, each of the struts 
connecting successive primary bends on opposite ends of the 
support section; and 

at least one longitudinal member connecting adjacent 
support sections in the body; 

wherein each of the circumferential support sections is 
radially compressible into the compressed diameter and radially 
expandable into an unrestrained expanded diameter in which the 
struts and the primary bends in each of the support sections are 
arranged in a zigzag pattern, and further wherein the 
circumferential width of the struts in at least two of the 
circumferential support sections are different; 

b) advancing the distal end of the delivery device and the stent 
through a body lumen; and 

c) deploying the stent at a desired location within the body lumen. 

56. A method of deploying a stent within a body lumen comprising: 

a) providing a radially expandable stent on a delivery system comprising: 

an inner tube having a proximal end and a distal end, the inner 
tube having an inner tube lumen formed therein, the inner tube lumen 
having an opening at the distal end of the inner tube and a first guidewire 
opening in the inner tube lumen, the first guidewire opening spaced from 
the distal end of the inner tube; 

a stent positioned on the exterior surface of the inner tube at the 
distal end of the inner tube; 

a cover sheath having a proximal end and a distal end, the cover 
sheath comprising a wall defining a cover sheath lumen, the inner tube 
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and stent located within the cover sheath lumen, the cover sheath further 
including a second guidewire opening in the wall of the cover sheath, the 
second guidewire opening located proximate the first guidewire opening 
in the inner tube; and 
5 a guide element having a distal end located within the inner tube 

lumen, the guide element extending between the first and second 
guidewire openings, wherein the guide element comprises a guide lumen 
formed in the distal end of the guide element; 

1 0 b) positioning a guidewire within a body lumen, wherein a proximal end of 
the guidewire extends out of the body lumen; 

c) inserting the proximal end of the guidewire into the inner tube lumen at 
the distal end of the inner tube; 

d) advancing the proximal end of the guidewire through the inner tube 
1 5 lumen towards the first guidewire opening and the distal end of the guide 

element, wherein at least a portion of the proximal end of the guidewire is 
advanced into the guide lumen in the distal end of the guide element; 

e) advancing the proximal end of the guidewire through the first and second 
guidewire openings; 

20 f) advancing the distal end of the inner tube and the stent over the guidewire 
towards the distal end of the guidewire, wherein the stent is positioned at a 
desired location within the body lumen; and 

g) deploying the stent at the desired location within the body lumen. 

25 57. A method according to claim 56, wherein the guide element is removably 
positioned in the inner tube lumen and the first and second guidewire openings, 
and further wherein the step of advancing the proximal end of the guidewire 
through the first and second guidewire openings further comprises moving the 
guide element out of the first and second guidewire openings. 

30 

58. A method according to claim 56, wherein the guide lumen can receive 
only a portion of the proximal end of the guidewire. 
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59. A method according to claim 56, wherein the guide element comprises a 
proximal end located outside of the cover sheath lumen such that the guide 
element extends through the second guidewire opening. 

5 

60. A method of deploying a stent within a body lumen comprising: 

a) providing a radially expandable stent on a delivery system comprising: 

an inner tube having a proximal end and a distal end, the inner 
tube having an inner tube lumen formed therein; 
10 a stent positioned on the exterior surface of the inner tube at the 

distal end of the inner tube; 

an expandable balloon located on the inner tube; 

an inflation lumen in fluid communication with the balloon, the 
inflation lumen extending from the proximal end of the delivery system 
15 to the balloon; and 

a cover sheath having a proximal end and a distal end, the cover 
sheath comprising a wall defining a cover sheath lumen, the inner tube, 
stent, and balloon located within the cover sheath lumen; 

b) positioning the inner tube, stent, balloon and cover sheath within a body 
20 lumen; 

c) moving the cover sheath proximally relative to the distal end of the inner 
tube to deploy the stent with the body lumen; and 

d) inflating the balloon within the stent. 

25 61 . A method according to claim 60, wherein the balloon is located between 
the stent and the inner tube. 

62. A method of deploying a stent within a body lumen comprising: 
a) providing a radially expandable stent on a delivery system comprising: 
30 an inner tube having a proximal end and a distal end; 

a stent positioned on the exterior surface of the inner tube at the 
distal end of the inner tube; 
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a cover sheath having a proximal end and a distal end, the cover 
sheath including a cover sheath lumen, the inner tube and stent located 
within the cover sheath lumen; and 

a support tube having a proximal end and a distal end, the support 
5 tube including a support tube lumen containing at least a portion of the 

proximal end of the cover sheath, the cover sheath being movable in the 
proximal and distal directions within the support tube lumen and the 
position of the inner tube being fixed relative to the position of the 
support tube; 

1 0 b) positioning a guide catheter within a body lumen; 

c) advancing the distal ends of the inner tube and the cover sheath through 
the guide catheter; 

d) fixing the position of the support tube relative to the guide catheter, 
wherein the positions of the distal end of the inner tube and the stent within the 

1 5 body lumen are also fixed relative to the guide catheter, and 

e) moving the cover sheath proximally to release the stent on the distal end 
of the inner tube, thereby deploying the stent within the body lumen. 

63. A method according to claim 62, wherein the guide catheter includes a 
20 . hemostasis valve and further wherein the step of fixing the position of the 

support tube relative to the guide catheter comprises closing the hemostasis valve 
on the support tube. 

64. A method according to claim 62, wherein the support tube and the inner 
25 tube are fixedly attached to a handle and the cover sheath is attached to an 

actuator, the actuator movable relative to the handle, and further wherein the step 
of moving the cover sheath comprises moving the actuator relative to the handle. 



51 



WO 99/39661 -,y 14 PCT/US99/02453 




FIG.1 




20a 20b 20c 20d 20e 20( 

FIG.2 



WO 99/39661 




FIG. 4 



3/14 



PCT/US99/02453 




FIG. 6 



WO 99/39661 



4/14 



PCT/US99/024S3 




420a 420b 



FIG.8 



5/14 



PCT/US99/02453 




SAZVWWV}! 



SVVVWV}! 



A 



V 



in 



gWVVWV)! 




6 



6/14 



PCTAJS99/02453 



jW\A/vvw} 



MMMAA/} 



CM 
CD 



CM 
CO 



CM 



V 




CD 



FIG. 11A 

FIG.11B 
FIG. 11C 

FIG. 11D 



WO 99/39661 



8/14 



PCT/US99/02453 




WO 99/39661 



PCT/US99/02453 



9/14 



\ 





790' 



FIG. 12B 



790' 




FIG. 12C 



790' 




FIG. 12D 



WO 99/39661 



11/14 



PCTAJS99/02453 





